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JPRS: 16,716

AN ELECTRONIC CONVERSATIONALIST

(And the machine replied ... )

-USSR-

[Following is the translation of an article
by Ye. Separina in the Russian-language peri-
odical Znaalje-Sila (Knowledge is Power), No 10,
October 1962, pages 29-32.J

"I asked:
'Were you glad when it rained this afternoon?'
It replied:
'jo, I prefer sunshine'.
'In hot-weather, people have to bathe at least once

a daya, I noted.
'Yes, I was really sweating it out in the heat today'

came the reply.
'When Christmas comes, we'll be in for some cold

we.s,.ier , i added weightily, attempting to keep up the con-
vers raion.

'Cold weather?' my friend responded, 'Yes, it usu-
ally is cold in December'.

'It's a clear day today', I said, sticking to my line,
'How lonf do you think it will last?'

"Allow me not to lie' my friend replied, thrown off
:aliance by my contradictory remarks. 'How can rainy weather

1:e clear weather?'"
This conversation is reported to have taken place

in Toronto between the Canadian scientist Berkeley and an
electronic computer. The computer memory was fed three hundred
.:.nrlish words and taught to carry on a simple conversation.

An electronic conversationalistj So much is being
written about all this today that we unavoidably get the
:Impression that machines will really begin talking any day
:ow. But in order to have a conversation between a human:,einf and a machine, it must be taught to speak. Before it
&:an srpeak, however, it must be endowed with hearing. And not:,y means of a simple microphone, but through an electronic
e!ar capable not only of hearing sounds but of differentiating
different sounds and the syllables and words which they make
up, i.e., of hearing and understanding speech.
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The differences in pronunciation between the letters
"alt and "e", "n" and "r" -- this narrowly specialized proo-
lem which formerly interested only linguists and teachers
of foreign languages -- is now acquiring "Industrial" im-
portance.'

Speech sounds are combined in unusual pairs, "cut up"
into pieces, "taken apart" into tens of component parts, and
subjected to hundreds of no less unusual experiments. IT is
not by accident therefore that laboratories where this work
is going on are called experimental phonetics laboratories.
laboratories of this type are now set up in Yoscow, Leningrad,
and Tbilisi.

If you have a chance, you certainly should visiL one
of them.

You will be shown three-dimensional pictures of
vowels ano consonants and even entire words. 2he sound of
a word on such a picture is not recorded by notes on a staff.
They are represented in models similar to-relief maps of
mountain ranges or icebergs.

On other pictures you will see color representatlons
of different voices. The intensity and pitch of sounds in -,.e
rrcnunciation of syllables and words are indicated by the
brightness and hue of colored spots.

In the speech laboratory you will see the rost varied
devices for recordinr sounds and special mechanisms for their
cutting and splicing. Among other equipment Is a special
sound srectrograph. In passinF through it, speech sounds are
broken up into a number of "lines" of differing height and
amplitude. These lines form a sound spectrum similar to the
seven-color rainbow produced by the spectral resolution of
white light.

Here you will become acquainted with an unusual
"se.arator" which separtes out not cream fror nilk, but
any wart of a sound recorded on magnetic tape, all the way
down to a "piece" of a sound lastinp 3-4 hundredths of a
secord.

Here you will here the familiar voices of rad1io
announcers and birdsongs, opera melodies and the squeaky
voice of 7uratino [Pinocchio], normal words, and a leapfro7
jumble of sounds produced by runninp the tape backwards...
Ir other words, if you have an opportunity, do visit one of
these laboratories. You won't regret. it.

Then your surprise over what you have seen and heard
hbs worn off a bit, you will begin to uncerstprid the rurrose
behind it all.

Curiots thin's have been discovered by students of
live human speech. The snrectra of Russian vowels, for
example, revealed many "superfluous arts, I' tine vowels
are sliahtly "truncated", we continue to recognize them.
This means that we speak with a large excess of sound, while
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the "useful information", using the expression of the
cyberneticiats, is conveyed by only a •all part of them.

Moreover, as soon as the soimd "a" was shortened
somewhat, it came to resemble something between "a" and "e".
And in such a way the sound was Introduced into sentences
in place of all true "a's" and true "e's". But our ear was
still able to distinguish which sound belonged where, despite
the fact that each letter in at word ,as pronounced quite
differently than -,hen spoken separately.

On another occasion, a correctly sounded o" was
recorded on tape. Then the tape was played in reverse.
Suddenly everyone heard something like tioo sotnds which
merged into one -- "e" and "um.

It is quite clear that both componen.nt- were preqent
on the first occasion on the ordinary recording. But they
were not perceived separately. VThy was this? The researchers
decided that this was because the ear accustomed to Russlan
seech in which the vowel "o" is pronounced like a single,
inseparable solund does not distinsiuish its component sounds.

And, in a reverse way, our brnEin often adds on
somethbin which the actual physical sounds forming a word
really lack.

One of the experinent' s carried out was to record and
play back for the experiment participants a nzu.ber of meaning-
less sound combinations corresponding to a word made up of
four syllables. Then the word itself was re;roluced: "na-ka-
pa-la". Although it was pronounced without any expression
and with equal emphasis on each syllable, the listeners
nevertheless placed the accent in their minds. In an analogous
combination of meaningless sounds, the accent wvas not placed
by the listeners.

Thus it turns out that an accent really absent In
a chain of sounds is actually imparted to it in our minds.

This is confirmed by yet anotber example. The word
"na-lo-ma-la" was also pronounced without accent. All of the
syllables had exactly the same physical properties -- frequency,

loudness, and duration. Nievertheless, Russian students clearly
heard an accent on the third syllably, while non-Russians
heard nothing.

As you see, the study of how we hear speech has reveal-
ed many heretofore unknown purely psychological peculiarities
which greatly complicate the creation of an "electronic ear".

But a machine must be able not only to hear words, but
to pronounce them itself. This means that in addition to the
ear, we must create a model of the throat, larynx, etc., and
not simply construct individual artificial organs. After all,
our purpose was to create not a "speaking"l or "listening"
machine, but a sort of eleotronic conversationalist oapaole
of carrying on a conversation on some individual toplo (at
least an a beginning).
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This means that it must be equipped with something
like an artificial organ of speech which could itself place
accents and differentiate between '" and "e", even if these
are similar in sounds in different words, eta.

This in turn requires that we find out how our own
speech center works.

Find out? But dontt oe know already?

Signals of SiMnals

"Patient M., 52 years old, right-handed, literate,

entered the Institute on 23 August with a complaint of im-
paired vision...". I read in the history of the ailment. "Some
days ago, hanging up a picture in .his home, he felt a sharp
pain, lay down, closed his eyes, and on getting up and looking
out the window found that the houses across the street seemed
strangely flat. In going to work could hardly recognize sur-
rounding objects. Streetcars and autos had a toylike aspect.
Passed by the sidestreet in which he was supposed to turn
and barely managed to reach the nexrt intersection. Could not
recognize fellow workers.. Delivered to hospital..."

Skipping several lines of figures in the clinical
report and pass on to the neurologist's conclusion:

"Patient's state unchanged. Continued failure to
recognize relatives and friends, though clearly distinguishes
their faces. Discovers who is standing next to him by indirect
clues -- headgear, voice.... Looks at himself in the mirror
and does not recognize himself. In looking at pictures, examies
and describes Individua, details, but does not understand the
picture as a whole.

"Diagnosist visual agnosia". And a marginal notes
"Apparent damage to 19th and 39th cortical areas".

Isn't this a strange ailment? We could assume that
the patient was suffering from damage to the visual portion
of the brain. But this is not the case. Areas 17 and 18 are
quite normal. For some reason, the damage lies in cortical
areas 19 and 39 which apparently have no direct bearing onsight. And you youself had the chance to observe that the
patient sees everything and Is able to distinguish objects.
This means that the portion of the brain responsible for
simple visual perception and the neighboring portions which
perform more complex visual analysis are operating normally.
The damage is to certain higher brain functions, those which
enable us to recognize familiar objects and people by their
external appearance.

The 19th area in located at the edge of the visual
portion of the cortex. It oan have a relation to vision.
VA% ftt does the 39th area have to do With It?

OW4 MOM 0 * hlst~r7
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1"t t u r -s ouiit t 1, at man'ary ve.r Ia nt s o f s Uc'.,I s e'qr
are nos~ible. tonetims t'-he rati~ent reconnizes ob'ecte .1 Ite

well by sim~t, bii; canno-, dlstlnPuIAS1 then aurally. For example,
to Idertify P. car by the sound of its qorn, or a clock by its8
ticking. Anonp Other darna-g, onie of t'phe rerir~heral areas of
the aurs.1 zone is irr-alred', and once arrair± the rysterious
39th area.

In ancther case, P. rersen.-erho adeq.Uetely identifIes
obljects by ap.-earp~r.ce an~d solind fails to 14er-tify 'h~y t n u cY
Twha.t lip 19 hodI i.ý1 r n hýi5 hand -- a lxev or a rend.4 lo>ok
at the ený oP tlhe 2escrirtic- of !.he case. 'a z it is apgain:
dam.pe to raxtetal rortior, bf the cortex resrcsihle ror
the serse of toucli, 3rd once arc~ir the 71ýth cor~ic*a. area.

!Pt is intei'estinf"' to know whievre thIls area is locepted.
-e-'ftner ovrer the Ptias of ths, brain, 1 fl?i, a Trap snvvin~z

all of' --he n.onr tý,i fifty arens... 4t, the.. juncticr of hr
oocipi,ý"> (Visual), temporal (anral), ard ~r-iet&l ioie
zonps, I fird 'the nuyrbý%r 79. The 'ýres taken ,A- by, this
'jn4-verF:allIy-im!,torta~nt section of t'-e brain is fairly large.

Ili'req 7.9 and neiphborirnr' area 40 Rre to br' fov.nd only
!.I the ý.menn 'brain", T i-,, told. "~~ ra ~v)oe ~e
thar.- the rest.* They are rosronsible Por 14p'~~ihpr ca.ra-
bilities -- 00,Cnition ard T.workl~nr- actI!' 1 .tv. I t wa s t hv
whnich devc-lorrd in the rrocess of wok.

%hh orlk process, speeon developed as aL means ot'
corrmunicatioý m-r work eir~erienoce snr3 thoiu-7nts. Thsccu2'!, *iot
but rroduce the corres or!In- char,,es 11n, br,ý.vr Ftruc-u.re.

"In. +,e developin' srnnml kir-lr, -it The lhirorn rflase
thereý took place an unusual -ecl-en c~itior to t-he
'me'it'n'snr of nervovv actil'tv ity", wrote 1.2'. .'P'vlov* ol, ti~e
-ian-rel. rpniy is- rercer-Titi e alnmos- excluAsivPlv tllrclorr.!
sti-ilI4 qnr-t th'pir traces In ti;e rL er-re honisrnn-r~s
er~terlrr tI.?e srecial cP2lls Of visaLW, naural, and t0
recep.tor irechanisms o' thr- orsr-anism.,

A.~ .10 rPrr rv ,±a±.lnl s z7
-.tIc'"~e iave i?)O:rn ~ h c-crinrals T'4r~'c f-re~te'

-o~ re si!r a-L "picrys's~.
T scondar'7 F1-AnaJ. s-ste-r; -WPs roý,si'ble srepcn~

con'XUn! ostion am ng ans: It-,,as,~ ~'c ih
iersrvc~i~c antivitv of i-h,! brain. r nc. :d I io, I .-_e

Jus 'rere 1_z t*,P! ý.rord In all. of Its for7'- -- tnronourxcýd, 'e:
and seen. 'hi' bral½ n-lpt 1,! rnhle to a wor.r, in Ptr' i
o4' ts tiises, anJ ewen nrior to its snoincI'.- c r !:r, .c!! e + iot
it mentallv, or Prien an :!ntirp e

11 w-,rr~ once tosh tne brir. cr~t.-linee a
"collioectlon" of lrpe-es of eerilob.'eots, Aha- 'te ,eo1Ar

si!-nnilin. rsvsi wouild ý-ve to 'he conepived; In a fairly'
nritritive way. 71Tords were namies of ob.ects, so tn"at' It would
be eufficitfl¶ to troject all of the elements of tto rrimar¶'



signal sycteir onto the zecondsry onie to obtain yet a~notbier
collecti-. inwi ach objective Inape in thP rri.Tary

system. would bear a one-to-one corresntondence with Its
name in the seconda-7rv system. Put what do such wrords in the
second~'r~' s~stpri as " i","rtot,"after all", .9nd "or"
rer;resentl 7 f;hnro are +,h)e numrerous rntalvar-iant~s of
WOrd's zuci! 2s "yot are -h."r.kinp:, "he Is th-irkinc-" .t~
will be think~ing"~ etc.? Ard what about such sl..nale as
"wnve Vurction" corr-elation". 'tA V4 'rertial "?

:wi+. has become clesr tlhat rslthouFgh the reiations
betw~een the 'rýnr and. seconon'ry s ipral systems do exist and
are lndiepd ver,,r close, they io not fall into such a primitive
gecmpetric scherne. 'How is the secondary sigr~al system presePnt
in the brain? in other wo7rds, wniat is the e-tructure of cur
sp~eech cer.ter?

Havin-7 becom~e firmly convinced that all b~rain ful:c-
tions are more or lees closply relatipl to definite portions
of tlhe brain., T Vw~nted. to knov, where this notorious, :,,neoch

center ,,Ts to be foundý,
It- turned ouT, thnat there ts ro such center in thic

brain. '!'here are incivifdual portions cscattered al.l ovp~r the
corlex, lhich are related to speech tr. some wa--y or other.
'There Is a. rotor speeCC•. center, q.1r aural -Deech center, a3nd
a visual steech ccrter. Ep" of tqe!T !-, r~za~ted to the
relcogni-ton of one of three verbal. !uises -- visnal, Rural,
an'i enunciatory.T oral and, writter expre'ssiorn As well as
in readinrg aloud or silently. -om varied poortions of
the sreec'. cen~ter !,o-mn nto rlrig. 'This bec:om.,es ve:-ry clear
vwnor,. onea o-f ther. ifalic -o function. V arlous epeech defects
arp cal-leJ by a common terrn -- aphasia. ,hey are beina
studilea at t%*he !eurolor::1 Institute by the well-known
ar~asiolo7,ist- Efir' SoJlonronovna, :1yn.

ýoctor 3evn was receivlnpy her new rptlenits triat
,mcrn in .

"Sit npzt to nie and liSTrtn at-'entively t.'o j I~ i'~y
quect:t1onc". iEsý'irl Solcmonovna offeroad ne a chair aný.: ýren~t
11-o £ef~ch 1ner rarirAent..

After :-,everqa2 mor.ment-s, thev camrn in toprether. r'Otp

Doctor seated the patlent, in front of 'her and began re-latIns.
th r e cs e f3is -,ory . hbe ortient- enteredi the lns~tltute several
da-s a'~o;- prior to that, day she was beiný. carefullyr examined
by_ the cln .i.s A!". analyses were carried out and relatives

quer~tlonerý as to~ *' events leadinp up to th-e ratilent's lose
of' STeec''".

I' .1criay ;,.fir' Solo'monovria planned to detlermine the
structure of' speech defects and to find out the extent of
speech- impirrnent.



"Well, let's set acquainted Zoya Petrovna", she said,
looking deeply into the patient's vacant eyes. "!'m going
to treat you now... So, tell me what happened?"

The woman made some attempt at a reply, but with no
success. She reached into her pocket for a handkerchief.

"Alright, alright", the Doctor gently patted her on
the knee, "but what are we to do? We have to get out of this
situation somehow. But to help you I must talk to you. Tell
me, what's the name of the doctor in charge of your case?"

"Mms.. ma Ni... kola..,
"So, very well". Paying no attention to the patientf's

anxiety, the Doctor continued to pose questions. "What's the
number of your wa--d? Are your comfortable there? Are you
alright here?"

After listening to the unrelated fragments of words,
she made a note in her file.

"The first step in the investigation are the answers
to questions, the check of word sounding and the functioning
of the motor speech center", said the Doctor softly turning
to me.

"Now tell me, Zoya Petrovna, which sentence is right
in its meaning", she turned to the patient once again, "'The
earth is lit by the Sun' or ' the Sun is lit by the earth'?'

dhile the patient wes thinking, tortuously contorting
her brow, Doctor Beyn slowly and clearly repeated both senten-
ces.

She received no reply.
"Myabe the patient simply doesn't know the answer?"

I asked quietly.
"No", Esfir' Solomonovna replied quietly, "she is

suffering from an impairment of understanding of certain
grammatical structures. Let us take an analogous case --
function,.."- 4

"Try to tell me which is right: 'The hunter shot the
bear' or 'The bear shot the hunter'?"

Once again a vacant stare showing lack of understanding.
"You see? Look ... " she offer& the, patient a book and

a pencil. "Zoya Petrovna, please put the pencil on the book.
Put the pencil OF the book", she repeated, emphasizing the
preposition. And seeing how the patient helplessly shifted
the objects from place to place, once again repeated softly
over and over, "...pencil 01. the book". -

After several attempts, the patient succeeding in
doing what was asked.

"And now, please put the pencil U.NER the book..."
Once again, unsuccessful attempts ending with a

nearly accidental proper gesture.
The Doctor recorded the results of the session In

her notebook and proceeded.

7



"?;oyr 'Ie t~ro~.rnmA, write :Iowri c, n thii-s nie ~e. of r':
whtI oi-tate 10 you".

rw-ictrdly, as If for K "e- first -time in hor 11.1e, thc
pali iey;1 took up 4,-,r. 'ic1 he rrs t. tte *1.hu

crooked anld shaky, coiild nevc-t ýti'sle be rnade out. T.-hen the
pa~ jentq 'a in"d 3sliyue' lrfth-outfnihn' drorpninrv the pericil.

I lhrri-'r to rink'V !t itr...
"Pipea~s elon't", Fsfirl So½'oT;oovna 7,nild we~arily. "She?

woln't bce, able to write pn()rkrvav. "ýy :1lt indic,ý+4olis tbe patient
has los t the., nbilit,yr of wri tten aneeol-" .

"ItListen to what I'm "oing to tPll yo&'", she sa-id to
her pstient: "yo will soon be able to Speak, tha t's a promise;
but it's goinp to take some bard work ard I will need your
cooperation. I can't do it alone ... W111 you 1-1lp? (lood,
so that's settled,.."

Whor the patient left, 1 asked lubiously:
"Is she really 57olrn to ispeak? t'
"Yes, In. ore and a half' act'h2 she'll be speaklri7

agrain... it's a mild case" * ~sf4Lr' Solonmonovtrmi replied sris

she ro3R to fetch the- next ratiern½
T spect the whole day at t' N!rýurologýy Izn-stitute

ex;aonlinpg t±e wi..-rds, lookin7 ait pitlents rptuornine. from their
sp.ae',h lessorIS hrappy with thpir firs~t successes, as welas
thase? Ttill uplible to leave their bpdsi and whose diisor')ers
hal not. yet begun to be corrected. Prom all of th-e xtrernoly
varied speech I , pairnents- T -raý5uril ' bepgan to see what a

lonex aditricate mnosaic of inhib-Ite !and exelted portions
of the brain lay at the basis of narticulatpril ind 'neanln~ful
speech.

WhP~n thi~s p~attern is J1zrru-'ted, the intppr-uted process
'tills apart and we clearly see the component parts of tVint
marvellous property of thn hwum.ýn nsyche called spepch.

How tlv' "'rnech -Center" Worlks

In the speech process, th- two 7erp.-rll hemisph~eres
play different roles. As Is known, the 1,:ýft. miysphere In more
htighly develonee Ir mnrn. For thri.: reason, Ivicilentally, o-ar
rri~'t hMný Which, Is cont,ýolled by thn left hem.0phere is
strongeer anid more dpxtrouis, ifter all -- this is the "ard tre
-write with. If th(e left. lipn~spbere Is dimared, si)-rch .ancd
writingc are impaired more seriour-,y.

Sreecli is first. of P1l1 thp !reroduotion of tworr~s anid
individual sounds which maethem unr. The ni~in role In t'his,
process is played by the rear section of t~he lower frontnl
convolution -- areas 411 and 49. '-ereý in 1I~h, mnotor speechl
conter whose impairment oral speech Impossible. T'he w),t~qnt
loses -the -4billity to pronounce words Rl+1houi-' be hears and
undprstand.s themn quite well, If thi's r'ortton, of the brain is
only slirplitly affected, words oome out with difficulty.
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ors It is the same in such cases with the writing of
words, i.e., the analysit of hand motions and the related
.otions of the head and eyes.

When we learn to write, we mentally build up a plan
of motion am a result of which the representation of the
letter is formed. This plan, as all work skills, is formed
with the participation of area 40. If it is damaged, the
patient likewise loses the ability to write, but for another
reason -- his loss of the hand manipulation plan.

Oral speech, just as the Work skills which it accom-
panies, is also built up according to a definite plan. After
each action which produces a sound there follows the analysis
of the results of this action in the aural speech center
somewhat in the nature of an internal playthrough. This is
followed by the construction of the next sotmd. Such a check
of the word structuring plan is performed by the front part
of area 22.

If this part is impaired, the word cannot be formed,
although some of its components are pronounced correctly.

If there is a disruption of the link between the
motor and aural centers, speech becomes incorrect: word
syllables are Juxtaposed ( 'mosavar" ins-read of "samovar"),
extra letters are sounded, etc.

Area 22 is located in the temporal region. Both 22
and the neighboring 21st area constitute the aural speech
center. This is where perception of oral speech takes place.
Upon damage to this part of the brain, the patient ceases to
recognize words he hears, just as with damage to the visual
center he loses the ability to understand written words.
Between the aural and visual speech centers are intermediate
areas -- 37 and the familiar 39. With damage to the former,
the patient first of all loses the ability to name well known
objects. When shown a knife he is likely to say "the thing
which cuts", a glass is "the thing to drink from",, a comb
is "the thing to fix the hair with".

The names of objects are "forgotten" not only when
area 37 is damaged, but also upon impairment of the coordinated
functioning of various speech centers or the motion of neural
processes from the primary signal system into the secondary one,

Similarly, the recognition of written words and their
combinations is based not only on the improper functioning of
the 39th area as the "recognition center' in general. Very
frequently it is the result of the disruption of time links
between the visual, aural, and motor speech centers. (In
reading, we mentally transform the visual representation of
words into internal unsounded speech. The aural and motor
speech centers must also be operative in order for us to be
able to do this).

Our consoiousness reflects not simpl piotures of the
outside world| we appihend the eeeesae of ge-ma oa their



dere6dence cn c:uch ent.!ti•ro as sr.acc and time. Speech ma',st
convey thp peculiar in errejt•.•nsohIr of objects and p'neno-
menia in time and srt-ace. This is dcae by measr o: ýrammatit:al
structure -- word endingr' and speclal auxiliary words --
prepositions, oorjunctlon.i e,.

,4tth danaie to area 46 in.the front-2. re,.ri.on, man can-
not structure his sDeec•n with ý-ramatioai crrrectness, i.e.,
he cannot represent the relatilons between objects in time and
srsce by means of larn..uage.

In ltsteninr to others specik or reading a book, iwe
must be nble to analy7e sentences from the same at5nd.polnt.
This becomes impossible uon Misruptiov. of areas 37, "9, and
40. The r•atient cannot tell the d.f1 erence hetween the
expressions "the father of the s.on" and "the s,:, cf the
father" (or, as you recsall, "the Son is 14L. by the ea-t"').

The time sequerce in thr, Peeljratlve s'Itenoe: "1
went for a walk after work" is taken by the 1Katient in. !"he
sequence of word occurrence, i.e., first "went for '. walk"
and then "fintshed Iork". In respeorse 1to dra.w a cwoss under
a circle (or to place a pencil on a book), he will first
draw the cross and thezi place a circe2 under it, rperfor-ming.
the command In the order of word occ.urrence, etc.

You can see from all this the- ,;o1plexit ctf ....
secondary si.tlal 'ystcm in our brains. in all of the inter-
relationshins of iandiviiual speech centers and the visual,
aural, and other centers of the rrlmary system scientists-b.n sanalorou., tf. all
as yet see no clear-cut pattern. !otb~n? aAll
this exists in the field of cyberinetlcs.

3ut the f-ct that at the basis of the psychic higher
brain activitiy there lies the transmission of signals, albeit
more complex ones, of the secord order as it wer.e, allows us
to study it from the stý>ir.-point of informrtikon theory, Ilzt
as the functionlnz of the nervous system in gerernl.

This mnathematica! discipline studies the processes
of information transmission --!ona the mosz varied lines of
communication. These include not only technical devices such
as the telephone, telegraph, o., ratdlo, but also the "livln•
telegraph" -- our organism.

After al, the nerves and even 'the bloodstream convey
informn-tion. These information messages enter the brain which
processes them aul responds by emittinp new signal commands.
Informtion enters the seoon,•ary sianal systeu' in a similar
way.

The Optimum 'Communications Srstrn"

"Let us assurre that a man is asked to arrance .i thorough-
ly shufflel deck of cards by suits. Or let us say and exrerl-
enced typist is asked to press down on the required key upon
hearinp any letter from a rnndom selection of letters.
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In both cases the person must mentally analyze the
nature of the siRnal and select the proper response reaction.
The time required to understand what is happening and to
properly respond to the stimulus i! taken up by the brain
in processing the information on the type of signal received.

Already in the 1880's psychologists had established
that this time increases evenly as the number of signals is
increased. This shows that the time required for the process-
ing of the received information is proportional to its quan-
tity. In other words, the brain operates like a communica-
tions system with an optimal regime, i.e., the most ration-
ally adjusted system.

Experiments which help confirm this are devised in
such a way that they simulate the process of information
transfer along technical communications lines. Here man is
included in the overall scheme of the transmission chain.
This is why it is possible to study the peculiarities of
human information processing and to determine its differences
from technical communications systems.

I once had an opportunity to take part in such an
experiment myself...

It happened rather unexpectedly. I visited the
psychology department of Yoscow University in order to
find out something about modern psychological research.

The room which I was invited to enter bore little
resenblance to the "humanities" laboratory I had come to
expect. The tables were covered with apparatus, bits of
wire were lying on the floor, and there were the familiar
oscilloscopes, rheostats, and blinker lights. In the corner
of the room was a windowless cabin lined with metal plates.

The laboratory heads, associates of Professor A.N.
Leont'yev opened the small, thick door to the cabin:"please
get in and take a seat at the table".

On the small table there were just two objects --
something like telegraph keys which had to be depressed with
the right or left hand upon the flashing of signal lights.
The signal display was mounted on the wall op osite the
table. There was nothing else to distract one s attention.

Durinp the experiment the door was tightly shut,
cutt.ng off the subject from the outside world. This was
much like the silence chamber in which astronauts undergo
tests lasting many days.

SHere, however, the voluntary isolation was of Tuch
shor':er duration. And no wonder: here the object of the tests
was not to determine the ability to withstand silence but the
abil'.ty to respond to an intricate set of signals rrepared in
advance by the psychologists. It would be impossible to take
more than an hour of such concentrated work.

It was not always a simple matter of depressing the
right key; more often , the response required to a certain
signal would be to say out loud some words, or more oorreotly,



certain specially devised sound combinations. lelt us say the
upper light flashes: iou Fnust say ouickl,: "ben". ,f he lower
one flashes, you say mas ' into tie microphone, etc.

The researcher conducting the experiment is sittinre
outside. He doesn't see you, but merely hears your voice. He
communicates with you by means of predetermined signals,

The Drobability of any giver, signal varies fro, x--
periment to experiment. The experl.ýrenter knows this, but the
subject does not He worries about 4ust orne t.ir.c: to rc:spror
to the signal correctly, i.e., mentally select the r-rorer ac-
tion. And the scientist, since he knows exactly which si-nals
were given and in what sequence, is able to determine tne
dependence between reaction time and the arount of Irforn'aticn
contained in a piven sipgal and consequentlv receive, by t+.e
brain.

The Pritish psychologist Hick, one of the first tc
carry ou÷ such experiments, established that the rate of
information processinx, by our brain is five bits per second
on an average., ut he used lust a few signals emitted at
equal intervals. He judged the results only accordizin to the
subject's physical or verbal response, without takirm into
account reaction time.

But signals can be given at varying intervals rat-er
than at a constant rate. In other words, it is not enough to
take into account the average information from ten signals;
it is necessary to know how much information each individual
si7nal contains.

Nor are the sirnals equivalent to one another. Let us
say an operator of ar automated production process is obser-
vinr instrument readinps. rn this case an infrequent unusual
signal might require the most active response or even active
intervention. C,'n an alarn signal for example be processec
as fast as an ordinary signal: temnerature -- 400', rresstre
-- 2 atmospheres? It Is clear that the brain must not slmrly
respond to signals but to pick out the important ones, i.e.,
select and analyze both Important and unimportant sirnals.

T•he •yhologists at Yosccw University are enra.e- ir
the study of these purely human peculiarities of inforr-tIon
processing.

One of two signals was riven an emerrency s7nrificnnce.
"The su-bject ir.t ihe eyrerimental chamber was told that a oar-
ticularly lasi ren.ction wis reouired to the emerrency slznal.
if the resction time to the enerrercy signal wAs lonrer tt-3n
the one specifled, the signal system i,:ouid "break down" (the
onerajtor Ivconsnicuously shut off the irstruments). '.he cy-
rerimert. would end and not be creaited.

ýuch q. differertl.ation of simnols had an imrreciate
effect or the results. 'The subject was nrerare' q" .all ti-.es
for the sppearanoe of an erierrency sicmal. And wher i-. r"id
appear, the brain respoud*ed 11n tte ftatest possible -i4.e.
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The rate of porcessing of important information increased
rapidly.

It turns out that the meaning of the simnal makes
a difference to the subject. He stimulates the reception of
information by the brain and raises the efficiency of the
process. But according to information theory the meanin'
of the transferred information is irrelevant. The only
thing which matters is the number of"letters" used in the'
message.

In technical coymtunications systems thi• Is indeed
the case. But our brain operates on a different principle:
important messages are conveyed to the hands, feet, or the
speech apparatus much more rapidly than ordirnry messages.
This once mcre indicates the difference between the living
brain and the most perfect automaton.

Our brain also reacts differently to rapid and
infrequent signals. It turns out that man either consciously
or unconsciously in the course of eyper4rence masters the prin-
ciple of signal structure probabilities -- the regularity of
their appearance. Apparently, it mentally constructs a model
of the conplex of signals devised by the experimenter. On this
basis, it looks ahead and guesses at future events. Now the
person expects the forthcoming signals. Because of this, the
reaction time to an unexpected signal grows smaller than
might otherwise be the case.

Of course, this is not dor-e without some expense
to the time required for the response to frequent signals.
Nonetheless, such an internal restructuring of the organism
is beneficial to it.

If the brain did not adapt to expectation, the reac-
tion time would be distributed in another way: the response to
infrequent signals would be slower than the response to
frequent ones. Thus, the brain would have to react according
to the classic laws of inforn-ation theory.

How Much information, Do We Hold?

From these experimetns it follows that the rate of
information processing differs in each case. However, it is
much higher than the average' value. If we take twenty-five
rather than five bits of information per second (as was
supposed by Hick) this would be a closer figure In the
selection situation. As regards the "capacity" of the brain
in general, it is hard to Quote a single figure. Various
"communications channels" of the organism have differing
capacities.

In order to represent this more clearly, we might
recall that the television set standing in your room passes
one misellon bits of information per second. This about the
amount of information our eyes can send on to the brain.
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Computers "direst" a thousand times less Information, lust
like our othner itcorimunications channel", the sense of touch.ý1

The, radio and telephon~e are thousnadg of times less
powerful, They are rouchly equi~valent to our heari~no organs
in their "technical specifications", In the brain Itself,
informnation is processed twice as slowly as by tele.-raph
eoiiipment, which handles one hundred informatior uni'ts T~er
secord.

Everything. which the brair. Terceive!! remains in ou-r
conscoousness, as was shown by the g,1erman syolritHelmner
F'rank, for a rerind of ten seconds. This Is cl~eqrly apparent
from~ tne followinp example:* a ong is soireand! you con-
tinue about Yolir business without listenina. 14" youi becciri
nwq.re of i-t after it has *truelk five times, you are still.
able to say 1,ow TeRnv times it sournded -- the first fivP a-(--
still retainerd in t~he brain.

"This lied Fratnk to coxrTnare our ;~ctive memory which.
retains arieinm Inaszes in the nonscio-uress, echoes of si:--
nais, with a s9hort-memory device, in contrast to the -,rchIrAve
of memory, where irformatIon Is rs~talned Indefinitely,

TTe calculated t'.'e appro:.Amate ceatacity of cur shocrt-
rankge !nemory. First of all, he had to -'-eterrire thle lower
threshold of the brain'#s itep~rryinr capacity". ~'or this rtir-
pose, hie aske6 students to irrite lour- everythiro t7ey- spie
on n. scree, where q. series cf let-ters qrearpO. ýit an Interval
of a tent~h of a sPcord.

It seemed that if' one inr'ie henc...ect.ion '.1-e.
it mtmht be ex~pected thFat twice th'e infor~ratlon wonlo bn
retairted 'In twice the time, Actually, thl,, ws.s not. Zoo. 'V, ;chn
secocnd ..cul.d aillow the retention of' 16 unit's of A.Jctional
infor-ation: such ie the loxer threslhold of` 1'1;ran.~rco~~s

irce we retain not: less thýan 16 Infor-rmt~on u~ 4

ner sepconl, our short-rarng.e , emory -- the "cq1,rt-t'errY cqnunu-
ltras F-~n called it, oontal."s aboiit 1(Cý irformptio

1units.
tl t.!c nnumber. only 0.7 ý.f I ui nr tft( lorrr

rr-nie me-t~ry. Ir. oth-er vo "d s, 1 /215 of w-hat we rerceive Is
storý' in thp menory. (AnI ;, sirilar amnolit. Oachi ~eAis
lost by onr brain, vine .,ayr to new Irfor-ration),

A -crt of the Inforr-tior t-oes into r~nder~ -1!,!ea~i-
In-ful~n tha1t %Ohich we nprceive. Let us nn.y -tha-ý " units are
e~pnp or the !r~formatlon about the rstil~mous it:ýelf: th-er
the rp-%xinir-ý eialit are used for renornl.7ir.' -the ci
thlp !ýcrd If -thle; wes wnat the screpri revea~led.

tvanyv rt'searchers are of thet orinicr thst of' tne IF units
only one I-qlf Rre takrer in by theban w~~ e te '
P.I.t'ht are usedl to cA~ll ur the arrroprip-te trornt~i'or. fT'rr trP

Eowpver that orpay be, it is clear thrn.t tie amount
of Information eimultar~ously rassed by the brain is very small.
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But even this small flow is enough to actuate the entirp
huge pro;ram of ouir action. and thought.

As •we se-, cyberiet-1c actively aids in the Investi-
Fation of the secondary signal system and human psycholoqy
in general. However, cybernetics itself is in a poorer states
the newly-disco.vered facts about human speech app'ereption
and infornation processian not only do not simplify the
tasks of errineers who intend to rroduce talkina machines,
but, on:the contrary covnlic•nte them nomewhat.

'Now we can be sure that we are merely scr~tchinv the
surface. If we want machines to really understand sreech and
be able to speak themselves, we must equip them with somethlnt
in the nature of the human secondary stennal system. In other
words, we must create a model of human reychio activity.
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